APPARATUS AND METHOD FOR COUNTING ERROR RATES 
,N AN OPTICAL COMPACT DISC STORAGE SYSTEM 



BRIEF DESCRIPTION OF THE INVENTION 

This invention relates general* to error deteetion and correction within an 
optical compact disk storage device. More particularly, this invention relates to a 
lioue for counting error rates of different types in an optica, compact d,sk storage 



5 system. 



BACKGROUND OF THE INVENTION 

In the past, the productton of compact d.sks (CDs) and compact disk-read only 
memories (CD-ROMs) was the exclusive domain of mass production compact dtsk 
,„ facilities. Compact dtsk manufacturers employ sophisticated eouipmen, and 
procedures ,„ verity the reliahUity of their compact disks. As is well known 



LLng to F.C. 1 , there is shown a Hock diagram of a compact disk player ,„ 
, 5 accordance with the pnor an. Note that throughout the present descriptton and the 
^ures, like reference numerals designate Hke parts. 

variations including compact disk-recordable (CD-R) players and compact ,sk- 
rewritahle (CD-RW) players rotate an optically encoded disk 102 us.ng motor 4. 
Opttca, pickup ,06 consists of a laser tha, d.rects Ugh. onto disk ,02. Ugh, .s Hen 
20 reflected offthe disk ,0, and received by an optica, sensor on opt.ca, ptckup U* 
mectrical digita, data is then produced responsive to the optica, reflect™. Such 

vr r , OR which is further electrically coupled to a servo 
digital data is sent to pre-amphfier 1 08 which turtn 

contro, device „0 and a microprocessor „2. S,gna,s from the servo contro, d v.c 
I are fcrther directed to the motor ,04 and optica, pickup ,06. The vanous dev.ces 
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A 1 1 o ™v further '^^upled to sound or visual 

optically encode^- Microprocessor 112 may further P 

producing devices as may be appropriate. 

,„ order ,o produce binary signa,s from «he reflect ,ight, p.ts are produced on 
disk .02 to change *e reflecuvty of «he disk, .n a typica, compact disk system, the 
disk 8 wavelength of the light being used 

5 width of pits on a compact drsk.s smaller than the wa „ f „ hvsics 
,o detec, thcpits, unus compact disk systems are operating near Ore ..nuts ofphys.es. 
,„ *e system of FIO. ,, the optica, P^up 106 must m focused w,,hm a range of 
less than 4 microns while moving with respect to the disk in bo* a verttcal and 
Lenta, manner. The optical pickup ,06 must follow a spiral track of p.K as „ read 
10 ;i data from the compact disk. The servo control device „ 0 is a high* ^ and 
sophisticated servo control system used to focus the optical pickup 106, ollow he 
JL on the disk ,02, contro, the motor ,04 and hand,e timing tssues wtth.n the pre- 
fer 10S and microprocessor 1 ,2 related to reading the digital da. The «• 
contro, device „0 is very sensitive and operates within very tight tolerances^ Th. 

of the narrow tolerances within the mechanica, operation of devices wthm the 
compact disk unit. Dus, and residue on the disk may a,so cause errors. Moreover, 



devices 

20 



Prior ar, compact disk systems have utihzed various methods of error detectron 
^ correction b„, have no. made fu„ use of further information provided by the error 
detection and correction codes. Convention* methods of error correct™ and 
detection inc.ude C, a,d C2 coding. Such an imp.ementation is based on Cross 
,„ter,eave Reed-Solomon Coding (CRC). Although prior ar, systems have used error 
25 detection and correction to detect and correct errors, prior ar, systems " 

pr „vided defied and specific informaUon regarding ,he .ypes and numbers ^ c 
Irs Furthermore, wi,h ,he adven, of affordable CDs crea,ed on one s desk,op mere 
hi been an increased need ,o provide a low-cos, and convenient system o «S 
th e occurrence of errors and ,he de,ermina,ion of specific types of errors to further 
30 determine the source o,the errors. Sources of errors can men be loca hzed o * 

impact disk, the hardware used ,o read me data, the hardware used ,o — data, 
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media is tested a, ^factoring facilities, such compact d^cannot be determined to 
be ie adable or wrS until data is recorded to them. Thus there exists a need to 
mak e availabie to the average consumer a iow-cos, and reliable system tha, provrdes 
detailed error information tira, can be readily used to optimize the performance of a 

5 compact disk unit . 

Those skirled in tire art are fully aware that writing and reading data associated 
with compact disks is inherently error-prone because the pits on a compact disk are so 
small For this reason, sophisticated error detection and correction codes are used. 
Typically such error correction and detection codes make use of redundancy and 
10 interleaving to ensure that errors can be corrected. 

Error correction and detection is not, however, the cure-all in compact drsks. 
The compact disk media does not operate in a vacuum, instead the compact disk med.a 
operates in conjunction with a disk motor, optics, and other associated hardware. 
Thus, where the integrity of the disk media is sound, errors can nonetheless occur rf 
15 the accompanying hardware or software is defective. 

The wo primary features of the compact disk that cat, cause errors include ptt 
geometry and physical defects. Pi. geometry refers ,0 the depth, width, length, and 
wall slope of the physical pits created in the disk. Although CD-R disks do no, have 
pits, the recording process produces areas on the disk that function like p.ts whtch are 
20 subject to imperfections that cause error, Physical defects include pinholes, black 
spots bubbles and scratches. Poor p., geometry and physical defects can make very 
difficult for the servo 110 mechanisms to read data properly. A determination can 
often be made as to whether problems are caused by pi. geometry or local defects from 
error information. A burs, of Urge errors confined to a small par, of the disk is most 
25 Ukely caused by some kind of local disk defect. Large errors found over ,he entire 
disk or a large portion of the disk can be attribu,ed to poor pi. geometry. Large errors 
.hroughout the disk may also be indicative of a poorly optimized servo control system. 

Error detection and correction codes can correct certain ,ypes of da* errors. 
However, to the extent that errors can be minimized by optimizing a compact dtsk 
30 system, such error detection and correction codes will find reduced use resulting m an 
overall improvement of compact disk performance. For example, certain dam errors 
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may indicate the Ance of a hardware problem as distilled from an error 




encoded on the disk 102. 

In view of the foregoing, it would be highly desirable to provide a technique 
for counting errors and for counting error rates in an optical compact disk storage 
system to facilitate operations and to reduce errors in the optical compact disk storage 



system. 



SUMMARY OF THE INVENTION 

One embodiment of the invention is a system for providing information on 
10 errors occurring in an optical compact disk unit used for reading data from an optical 
disk media. The system includes a demultiplexer that receives a stream of multiplexed 
error flag signals and outputs a stream of demultiplexed error flag signals. Coupled to 
the demultiplexer is a decoder that decodes at least a portion of the stream of 
demultiplexed error flag signals, detecting errors of a predetermined type. An error 
1 5 counter then keeps a count of the errors and a register stores the number of errors of 

the predetermined type. 

Another embodiment of the present invention includes a threshold count 
register that stores a predetermined threshold count value and a comparator coupled to 
the threshold count register. When the error count exceeds the predetermined 
20 threshold count value, predetermined operations within the compact disk unit may be 
altered or halted. The predetermined operations may be altered to optimize hardware, 
software or firmware operations. Alternatively, the entire operation of the compact 
disk unit may be halted until any problems are corrected. 

Another embodiment of the invention is a system for providing information on 
25 error rates occurring in an optical compact disk unit used for reading data from an 
optical disk media. The system includes an error detector that identifies the 
occurrence of an error in a stream of multiplexed error signals. Coupled to the 
detector is an error rate counter coupled to a first clocking signal such as a frame 
clocking signal. An error rate count register then calculates and stores an error rate 
30 count upon the occurrence of a second clocking signal such as a sector synchronize 
signal. Furthermore, the error rate is calculated over a time period proporUonal to a 
characteristic of the second clocking signal. 
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inrli^^a threshold rate register 
iment of the present mventton .nch^a 

. ■ M threshold rate value and a comparator coupled to the 

- S,OKS 3 Pre "T t, H el rate exceeds the predetermined threshold count 
threshold rate register. When the error 

value predetermined operations within the compact disk unit may be aUered 

™*v he altered to optimize hardware, software or 
* P— - = ^:; ire op l tio „ of lhe — disk - may 
firmware operations. Alternatively, mc 

be halted until any problems are corrected. 

By counts errors and g ene,t.ng e^s ^ ^ 

+ a\<& unit be it hardware, software or nrmw^ 
within a compact disk unit, occurrences are 

detected and corrected. The occurrence of errors and the r 
detected an narame ter for enhancing the performance of a 

used in the present invention as a parameter 10 

compact disk system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

X* above and other objects, features and advantages of the present invention 
wiU be L clearly understood from the following detailed description taken in 
conjunction with the accompanying drawings where: 

accordance with the prior art; d 
Figure 2 is a block diagram of components of a servo system may 

in accordance with an embodiment of the invenuon; 

Figure 3 is a flowchart of a method of counung errors m 

embodiment of the present invention; embodime nt of the 

Figure 4 is block diagram of a demultiplexer as used tn an embed, 

25 presen ' cr; M « - - « — - - - - — — ° f the 
present . >— method „ — « - * 

an embedment of the presen, invention; — ^ ^ 

Figure 7 is block diagram of an error rate counter 
an embodiment of the present invention; 
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^^^k-ci-RlPTION OF THE rKtr civ^ EMBODIMENT 
OETA^SCmFT.ON ^ m embodimMt of the 

PTG 2 illustrates a servo 1 iu uunz.cu 

tI servo UOmaybeincorpo^in.o^prio^sys.cnofHG 1. 
invention. The servo 1 ^ ^ ^ ^ 

Contained within servo 110 is Dsr FurtheItn ore, DSP 202 b coupled 

i-r.„ 1(18 and microprocessor 116. furtnermu. , 
from the preamplifier 108 and rm P ^ ,„ Drocess signals relating to the 

904 where CD servo 204 is designed to process sig 
t0 CD servo 204, where rf ^ pickup , 06 informafo, 

control of the speed of motor 104 as 

Pinally, the error counter 206 is coupled to die DSP ^ ^ ^ 

Compact « « appHes w leve ,s of error 
Cross-mterleaved Re—n - « ^ _ _ _ 

section known as CI and C2. Md 

two ievels of error correction. C.RCemp y ^ ^ % ^ 

. • „ t« Hetect and correct errors. UKLempmj 
interleaving, to dete . an ^ ^ ^ ^ ^ OTOrs „ be 

redundancy whereby the data is undan , In its redundancy 

. 1. „ The data is interleaved during recording and is de mte 
large physical disk area. The data ^ 1Q9 

during reading. Typical ^^^^ £ have to he destroyed. 
20 hlocks. To destroy one ^ dUk , there is usually enough 

With scratches, dust, fingerprints^ rt. ^ ^ 

data remaining to reproduce any dam mat may ^ 

1 ,h, r 1 level of CIRC is meant to correct small, ra 
ln general, the CI » ^ u ^ ^ ^ 

the C2 level is mean, to correct larger errors and h ^ ^ ^ 

25 of error correction and detection used in corn^ ^ ^ 

- C11 F?1 ^ E31 indicating one, two, ana inrc 
indicated as EU E21 and ^ ^ ^ „ f mor 

within a frame. Note that he « , U. ^ ^ number of 

correction and detect.0 ^ ^ (Le . Ell and E21) bu, 

errors (i.e., one, two, etc.). CI can corr 

3„ cannot correct three ^ „ used in compact disk 

C2 is the second level ol error £52 
systems . errors within a frame a. level two are indicated as E12.E22.E3 , 
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j c , ~ t u rnlU ^^2 following the same 
„ t u ^ 4 errors are indicated as E12 throuM^ i" 
and E62. One thr^ 4 errors ^correctable because 

■ oc r 1 however, E52 indicates that the errors *i 
convention as CI, howe £62 indicates the entire C2 frame 1S 

m ore than 4 errors have occurred and E62 ^^^^aftame 
„tab, 

„ unacceptable because "^^^^ — - will 
devastating effect on a computer system. ^ ^ 

really abort on the occurrence of an unco^e ,o £ ^ ^ 

ROM systems attempt to correct more than 3 errors, * 

numb er of errors may be indicative of an impending ^ with mis 

• of the disk media may mean the end of usable aaxa 

further —on of ^ m ^ ^ ^ present 

general understanding of CIRC ana ^ 

invention will be described in further detail. performa nce of 

The rate of occurrence of errors is also useful in optimizing the p 

. jr.: - ~ — - - -■ z r rr— 

• — ~rzr.r =r;-- ... — 

measurement of the quainy u re 

• • ' icr QORI call for a maximum d^div ui 
Electrotechnical Common . ~a ^ ^ „ produce 

— 0V£I - as a mele o f system p.— where a 

uncorrectable errors. BLER ts ^ 

2 „ lo „ BLER indtcates a »eU ^ measured by BLER a sin g ,e 

because it does no, indicate the seventy of the errors. ^ 

,,»Me error within a block are treated the same lor purp 
erro r and an uncorrectabie error » ^ fa 

catenation of the block error rate. Thus, 

^ or,H ??0 uncorrectable errors per setuim 
220 correctable errors per second and 220 unc ^ 

• hnwever as will be shown below, can distinguisn 

25 present mventton, howeve^a ^ ^ 

multiple or uncorrectable errors to prov 



compact disk unit. c 1 and C2 error flags are 

In a preferred embodiment of the present tnventton, C . and 
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u i \a<> EflA7) of the larger error 
v, n and C2^arried on bits through 11 (r.e-,Etl^ 

where CI ana following table. 

flag signal. The^d C2 errors are summarized m d. 



Eflg8 



DESCRIPTION 



1 



X 1 


X 


1 x 1 


X 


1 x J 


1 x 


1 x 


X 


1 x 


1 x 


X 


1 x 



1 



X 



1 



1 



1 



CI frame con tains no errors 
CI frame cont ains 1 error 
CI frame conta ins 2 errors 

CI frame uncorre ctable 
C2 frame conta ins no errors 
C2 frame contai ns 1 error 
C2 frame contains 2 errors 
C2 frame contains 3 errors 
C2 frame contains 4 errors 
C2 frame uncorrectable more than 4 

errors 

C2 frame uncorrectable entire c2 frame 



20 



25 



30 



action and correction codes. FIG. P d ^ m 

*» 15 * 7, 30 w II «L of data corresponding ,0 .He « and C2 error 

produce a number of d— ^ _ ^ „ decoded a, step 

ejection and de.ect.on codes. The dem ^ ^ ^ ^ c , 

306 .o iden.ify .he particular type of errors that m y 

^ C2 errors are distinguished as weU as the nurncerof = „o ^ ^ 
section and correcon scheme. ^ A ,s.e P 3,0, 

is „.ed a. step 308 *us iden.ify.ng - J ^ fey ^ 

compact disk system. The register 
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^ 11^ ma L — to -he DSP 202, pream.if.er ,0S and Coprocessor 
U LI lien, use and control of the compact disk ™- 

5 pi:i ^ of — are . - — - - - - — — 

I A.s,ep314 the error informarion for *e compac, disk system 
particular type are SKP ^ is exc eeded, an interrupt 

is compared to the predetermined threshold^ ^ 

,„ slg nal is aerated that interrupts «- - * or software related. For 

— ; r leirrnri, — „ - - * - .» 

— 1, se„o or contro, component, within the compact d,..,, 

,o correct the problem. In another example, upon exceedmg a 
,5 to correct , mav be aenera ted so as to halt certain operat.ons and, tf 

— inttiraP ': 6 " al ^n reading information for execute code and upon 
desired, initiate other o^*««^ ^ ^ ^ 

, he occurrence of too many >^££ZJ a— to rea d ,„ the 
tnen tnitiate a system opttm,^ -™ ^ 1 erIor inforrna ,io„ can still he 
20 executable code. If the threshold ,s no. exceede d^ Forexample , a 

„„ disk unit may experience many occurrences of smgle C2 errors. 
"~ " = — > either hardware or software. 

fOT every frame recetved from a compact d.sk ^ pto 

« f 0 A hvt ~ 0 f data plus 4 bytes for C 1 error aeiecuuu 
30 composed of 24 bytes ot aaid piu ,ri/r? error 

, m .rror detection and correction. In this way C1/C2 error 
another 4 bytes for C2 error detection 

detection and correction constitutes 25% overhead („, 8 bytes/32 by 
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each such sector, * are * 8 W ^ U read a, a ra.^5 sectors per second. 
Upon the compleXf a frame, counter da, is cleared so as ,o enable the error 
counter of the present — o process taxation relating tc , furthe, ^frames 

FIG 4 is a block diagram of a demultiplexer in a preferred embodrmen, of the 
> error counter of the present invention. Demultiplexer 402 receives error flag data from 
a multplexe* stream on bus 404. Demultiplexer 402 is able to identify error flag data 
in response to an error Cock signal (Clk E) on line 404. Although many schemes 
exist the present invention makes use of error flag bits 7 through 1 1 (,.*., Eflg 1:7) m 
an e™ stream (,*., Eflg23:0> as shown in the <ab,e above. Error flag bi* 7 through 
0 1 1 are used by CI and C2 error detection and correction schemes where b.ts 0 and 
„, Identified as Eflg.O and Eflg. . respective*, are used for C, error det^non and 
bits 7 through 9 are used for C2 error detection, identified as Eflg7 through Eflg9 (see 
table above). 1 napar.icu,are m bod 1 men.ofU 1 epreferredinve»,io n ,Efl g n:7a r e 
output in paraHel form. T.a. is to say, a large serially multiplexed stream o data ,s 
15 input ,n,o demultiplexer 402 and the same information is output in parallel fom, 
be obvious to one skilled in the art to implement demultiplexer 402 tn other 
forms For example demultiplexer 402 may be implemented to filter only the error 
flag bits of interest. In this way, error flag bits Eflg. 1 :7 can be output in a shortened 
multiplexed form and then processed as will be further described below. 

Referring now to F,G. 5, the demultiplexed error data (/,., Eflg, ,7) on bus 
408 is fed into decoder 502. Decoder 502 may be indented in various forms. For 
examp.e, in one embodiment, decker 502 may be implement to detect CI and C2 
errors individually, in the embodiment shown in FIG. 5, decoder 502 detects and 
counts the number of errors within C. and C2, respectively or collectively. As shown 
25 in FIG. 5, write data selector 504 receives signals from the microprocessor 112 (see 
FIG , ) i„,heformofmicroprocessori»pu,da,aonline506a„dfromreadda a 

♦ a Vw tVip data selector upon the occurrence oi a 
selector 508. Such signals are accepted by the data seLecto P 

v ,> <; i n nnta selector decoder signal on line M / is 
microprocessor write strobe on line 5 1 0. Data selector * 

, - rf „<u Tnturn counter control register 514 
then sent to the counter control register 514. In turn, cou 

30 sends an approbate signal (*.,, C.unc) on line 51. to decoder 502 to process 

particular types of C 1 error, For example, the signal on line 5 ,6 may designate that 
counting should be done when the C, frame contains 1 error. Alternately, the same 
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cou.d be done wh*e CI frame contiuns 2 error, or is u^eciab.e. Furthermore, 
counter con.ro, JSr 5.4 sends an appropriate signa, (i.e., C2unc) on Une 511 .o 
decoder 502 to process particular types of C2 errors. In this manner, the 
microprocessor U2co„ tt ols the type oferrors, either CI and/or C2, as we,, as the 
5 numbers of errors within each errortype mat decoder 502 will process. 

Upon the occurrence of CI errors of an identified type, an appropriate C 1 
coun,-u P signa, on line 520 is sen, to CI error counter 522. Similar,,, C2 county 
signal on Une 524 is appUed to a C2 error counter 526. C, error counter 522 ^ C2 
error counter 526, however, do no, increment until ore occurrence of a frame clock 
10 signa, on line 528. Upon the occurrence of frame clock signal on line 528, C. to«al 
coun, signa, 530 and C2 total coun, signal 532 are increment as necessary and are 
sen, to C, coun, register 534 and C2 count register 536, respectively. CI coun, 
register 534 and C2 coun, register 536 maintain error coun. information for particular 
sectors in response ,o the sector synchronization signa, on ,i„e 538. C, count r=g,s,er 
,5 534 and C2 coun, register 536 in turn send information to dam selector 508. Upon .he 
occurrence of a microprocessor read suobe signal on ,ine 540, data se.ec.or 508 sends 
error coun. information ,o fee microprocessor via microprocessor ou,pu, da* srgna, on 
,i„e 542 After error coun. information is sen. .o .he microprocessor such informanon 
is further directed to the firmware being used to optimize the performance of to 
20 compact disk system. For example, upon the occurrence of a predetermined number 
of certain .ypes of errors, error coun, information is used to determine wh,ch block of 
data is defective within a computer disk media among other thmgs. 

The compact disk system may be optimized through hardware or software 
modifications. For example, upon exceeding a threshold value, a hardware interrupt 
25 signal may be sen, ,o ,he servo 1 10 indicating ,ha, servo or con.ro, component wttinn 
, h e compac, disk uni. are no. operating properly. At this point, an operator may ,hen 
take appropriate steps to correct the problem. ,n another example, upon exceeding a 
thre shold va,ue, a software interrupt signa, may be generated so as to ha,, certam 
operations and, if desired, initiate other operations. In reading information for 
30 execute code and upon the occurrence of too many errors, the system may hah 

further reading of the code and then initiate a system optimization routine before agam 
attempting ,0 read in the execute code. If ft. thresho.d is no. exceeded, ,he error 
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information can s A used to optimize the compact disk^em as shown at step 316 
(FIG 3). For example, a compact disk unit may experience many occurrences of 
single C2 errors. The C2 error correction scheme can restore the original data, but at 
the cost of increased processing. Upon the observance of many occurrences of single 
5 bit C2 errors, however, the present invention can be used to initiate corrective 
measures in either hardware or software. Corrective measures may include 
implementing a different servo control feedback system or reducing the disk rotation 
speed, for example. 

The error counter of the present invention as shown in FIG. 5 has some further 
10 enhancements. It is desirable to interrupt a compact disk system upon the occurrence 
of a certain number of errors, either CI and/or C2, or upon the occurrence of a certain 
number of error types (i.e. 12 different occurrences of CI errors). As shown in FIG. 5, 
CI threshold register 548 and C2 threshold register 550 hold a threshold value for 
particular numbers of errors of an identified type. Such errors are identified by first 
1 5 selecting which register 548 and/or 550 is to be active by means of a register select 
signal on line 562. The register select signal on line 562 is directed to data selector 
504. The microprocessor 1 12 may further provide threshold information at the 
microprocessor input data signal on line 506. Threshold and register information is 
then sent upon the occurrence of a microprocessor write strobe signal on line 510 from 
20 data selector 504 by means of a C 1 threshold signal on line 544 and a C2 threshold 
signal on line 546 to CI threshold register 548 and C2 threshold register 550. In turn, 
a CI threshold register signal on line 552 and a C2 threshold register signal on line 
554 are directed to error count comparator 556. Error count comparator 556 compares 
such signals to the CI count register signal on line 566 and the C2 count register signal 
25 on line 564 as appropriate. Upon the occurrence of a predetermined threshold being 
exceeded, either a CI error interrupt signal on line 560 or a C2 error interrupt signal on 
line 558 is generated to halt or alter the operation certain components within the 

compact disk system. 

Error rate information, as well as error count information, is valuable to 
30 firmware as well as hardware and software supporting a compact disk system. With 
further error rate information, a compact disk system is better able to adjust and 
optimize its various read channel parameters. 
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in a parti embodiment, the error rate eounter of present invention ts 
unique* configur" provide an enhaneed error rate analysts derived from C, and 
C2 error detection and eorreetion eodes. FIG. 6 provides a flow block of the vanous 
functions performed by the error rate counter of the present invention. MuUiplexed 
5 encoded error data is received a, step 602. The multiplexed data is then demultiplexed 
a, step 604 to produce a number of demultiplexed bits of data correspond,^ to the C 1 
and CI error correction and detection codes. The demultiplexed error data ,s then 
decoded at step 606 to identify the particular type of errors that may have occurred. A. 
step 606 CI and C2 errors are distinguished as well as the number of errors wtthm 
,0 each error detection and correction scheme. When a particular type of error ,s 

detected a counter is incremented a. step 608 thus identifying an error of a specific 
type A. step 609, an average error rate over a specified time is calculated, .n an 
embodiment of the invention, an average error rate is calculated over a time period 
required to read one sector of data. Alternatively, an average error rate is calculated 
,5 over a time period required to read several sectors of data. Furthermore, as desenbed 
above there exists a relationship between frames and sectors such that error rates may 
further be calculated over subdivisions of sectors. Thus, mere is provided error rate 
information averaged over an entire sector, various sectors or subdivisions of sectors 
as may be necessary in a particular application. 
20 At step 610, error rate data is registered for the various sectors as they are 

being read by the compact disk system. The registered error rate information ,s then 
directed to other hardware and software for processing as shown in step 612 w,thm the 
compact disk system so as to improve the overal! performance of the compact dtsk 
system. Error rate register data is made available to the DSP 202, preamplifier 108 
25 and microprocessor 112 in making efficient use and control of the compact dtsk 

» „f particular tvoes of errors is identified, such information 

system. Where recurrence ot particular iypes> ui 

is used to further control and optimize the compact disk system. 

In a preferred embodiment, a threshold is set for overall error rates or error 
rates of a particmar type. At step 6.4, ,h. error rate information for the compact d,sk 
30 system is compared to the predetermined threshold. If the threshold is exceeded, an 
interrupt signal is generated that interrupts some or aU of the operations wrtmn the 
compact disk system. The operations interrupted may be either hardware or software 
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related. If the thr^l is not exceeded, the error informa^pan still be used to 
optimize the compact disk system as shown at step 616. 

In another embodiment of the invention, error rate information at step 608 is 
reset for every sector received from a compact disk. Furthermore, timing information 
5 is derived from a sector signal itself so as to calculate an error rate over a sector, a 
number of sectors or even subdivisions of sectors such as frames. In an embodiment 
of the invention, upon the completion of a sector, or some other predetermined 
interval, counter data is cleared so as to enable the error rate counter of the present 
invention to process information relating to subsequent sectors. It will be obvious to 
1 0 one skilled in the art to use other references of time or data for resetting the counter. 

The error rate counter of the present invention has as a preliminary stage a 
demultiplexer as shown in FIG.4. The operation of demultiplexer 402 is as described 
above. Referring now to FIG. 7, the demultiplexed error data 404 {i.e. , Eflgl 1 :7) is 
then fed into decoder 502. Decoder 502 may be implemented in various forms as 
15 previously described for FIG. 5. Upon the occurrence of CI errors of an identified 
type, an appropriate CI count-up signal on line 520 is sent to CI error per second 
(EPS) counter 702. Similarly, a C2 count-up signal on line 524 is applied to the C2 
error per second counter (EPS) 704. CI EPS counter 702 and C2 EPS counter 704 
increment on the occurrence of frame clock signal on line 528. 
20 CI EPS counter 702 and C2 EPS counter 704 are configured to be responsive 

to a frame clock signal on line 706. Such count information is directed to CI EPS 
count register 708 and C2 EPS count register 710 by means of CI EPS rate signal on 
line 712 and C2 EPS rate signal on line 714, respectively. At registers 708 and 710, an 
average error rate is calculated through the use of sector timing information. Upon the 
25 occurrence of a sector synchronization signal on line 532, sector counter 716 is 

incremented. In an embodiment of the invention, a sector counter signal is sent on line 
718 to CI EPS count register 708 and C2 EPS count register 710 upon every 
occurrence of a sector synchronization signal. In another embodiment, a sector count 
signal on line 718 is sent to CI EPS count register 708 and C2 EPS count register 710 
30 upon the occurrence of a predetermined number of sector synchronization signals on 
line 532. In this manner, an error rate is averaged over a predetermined time period. 
With such information, CI EPS count register 708 generates a CI error rate signal on 

]4 CAl - 215730.1 

9826-0014-999 PA- 1134 



line 720 A C2 e A»e signal on line 722 is generated sjfrly on line 722. CI 

Z U- Jr.'- 720 - d « eps sienaS!,ne 722 316 fed r 

se,ector 508 which a.so receives regis t er select signal on ,ine 562. Regtster selec 
signa. 562 iden.if.es which error rare signal wiU be sen, ,0 Ore microprocessor. Upon 
5 fte occurrence of a microprocessor read strobe signa, on line 540, error ra,e 
mformation of me desired type is sen, ,0 fte microprocessor through ft. 
microprocessor output data signa! on line 542. The error ra,es are used by firmware, 
hardware or software so as ,0 analyze fte performance of fte optical disk system 
where, for example, a cons«an, high error ra,e may indicate a problem w«h the 

. .• i hidt error rates may indicate problems wrth the disk 

10 firmware. Alternatively, bursty mgn error i« 

media or other hardware. 

,„ an embodiment of fte preferred invention, i, is desirable to tnterrupt cerutn 
operations of a compact disk system upon exceeding a predetermined threshold rate^ 
The CI EPS register signal on line 720 and fte C2 EPS register signa. on hue 722 are 
15 therefore a,so fed into error per second (EPS) count comparator 724. As show. ,n 
FIG 7 CI error per second (EPS) threshold register 730 and C2 EPS threshold 
register 732 hold a threshold value for particular rates of an identified typ. Sue «« 
1 thresholds are identified by first selecting which register 730 and/or 732 „ o be 
aetive by means of a register select signal on line 562. The register select s.gna, on 
2 „ line 562 is directed to data selector 508. The microprocessor ,12 may ur, er prov de 
threshold information by means of fte microprocessor input data stgna, on fine 506. 
EPS threshold and register information is then sen. upon the occurrence of a 
nricroprocessor wri, stro* signa, on line 5,0 from da. selector 508 by mearts of a 
C, EPS threshold signal on fine 726 and a C2 EPS thresho.d signa, on Une 728 
25 EPS threshCd register 730 and to C2 EPS thresho.d register 732, respective.y. In * 
C, EPS thresho.d register s.gnal on line 734 and C2 EPS thresho,d register stgna, on 
,i„e 736 are directed .o EPS coun, comparator 724. EPS count comparator 724 
compares fte thresho.d ,eve, signa.s to fte C. EPS register signa, on „ne 720 and fte 
C2 EPS register signa, on .ine 722, as appropriate. Upon the occurrence o a 
30 predetermined threshold bemg exceeded, a C/C2 EPS .nterrupt signa. on hue 738 
erected to the compact disk system so as to aher predetermined operates. The 
occurrence of a h,gh error rate is indicative of firmware, hardware or software 
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problems that woAake further operation potentially us£. Alteration and 
optimization of thSbmpact disk system may be achieved as previously described. In 
another embodiment of the present invention, the C1/C2 EPS interrupt signal on line 
738 is output as two signals - one for each type of error. 

The foregoing description, for purposes of explanation, used specific 
nomenclature to provide a thorough understanding of the invention. However, it will 
be apparent to one skilled in the art that the specific details are not required in order to 
practice the invention. In other instances, well known circuits and devices are shown 
in block diagram form in order to avoid unnecessary distraction from the underlying 
invention. Thus, the foregoing descriptions of specific embodiments of the present 
invention are presented for purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the precise forms disclosed, 
obviously many modifications and variations are possible in view of the above 
teachings. The embodiments were chosen and described in order to best explain the 
principles of the invention and its practical applications, to thereby enable others 
skilled in the art to best utilize the invention and various embodiments with various 
modifications as are suited to the particular use contemplated. It is intended that the 
scope of the invention be defined by the following claims and their equivalents. 
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